One of the biggest challenges in urban planning is to balance the use of natural resources with the need to preserve them. One of the main resources is water, which is essential to human life and activities. Population growth and urban sprawl challenge water availability. Thus, it is important to evaluate development trends in order to predict future scenarios, enabling the adoption of preventive actions and decision-making. The objective of this study is to present a water management assessment methodology for urban planning as a practical and direct tool capable of conveying the necessary information for decision making in the process of balanced and harmonious urban planning, applicable to medium size Brazilian cities.
INTRODUCTION
Spatial sustainability is advocated by some urban planners, who believe that compact cities with higher population concentrations facilitate mobility through a more efficient transport system. On another hand, some environment scientists counter that sustainability is achieved by greener, more conservative, self-supplying cities, with smaller population density. As a way to find a solution to this impasse, Agudelo-Vera et al. (2011) state that sustainable urban development should promote the management of scarce resources integrated with urban planning.
It is imperative that more information is developed regarding the environment, especially concerning the hydrologic impacts driven by land-use changes (Tong et al., 2009 ). The sudden transformation of rural areas into urban areas demands the adoption of strategies that consider the conservation of water resources, and allow changes in a sustainable way.
Despite having a close connection with urban design and land use and occupation, sanitation in Brazil tends merely to meet emerging demands, and does not contribute to the organization of urban space. These sanitation actions are carried out in a non-integrated way, as an answer to immediate problems rather than considering preventive planning or needed improvements (Bernardes et al., 2006) . According to Andrade and Blumenschein (2014) , research concerning the urban water cycle within a river basin should be linked to studies of urban ecosystems and the constructed environment, considering the spatial organization of the community and landscape patterns. In conventional urban design, urban, hydrologic and environmental concepts are not articulated or considered during town planning processes.
Water flows, considered by Pickett et al. (2013) to be a significant dimension to connect ecology, urban design and social background, have an important role to play in urban systems or "urban ecosystems". Urban sprawl damages water systems and causes drastic changes in hydrologic regimes. In Brazilian municipalities, it is usual to increase water availability without considering strategies that improve water management and could reduce water demand.
There are limits to water availability. The negative impacts associated with the increase of water withdrawal rates for human consumption and the pollution of water bodies must be addressed; it is therefore imperative to adopt planned management of water demand (Thompson, 1999) .
"Ecological Urbanism" considers that cities need to adapt to changing human needs, and that water is an important variable to be considered in urban planning (Whiston and Spirn, 2013) . The use of multiple limits, such as river basins, parceling, dwellings and natural areas within the urban matrix, emphasizes the ecology capacity to connect the system structure, the management of human choices, design, political interventions, and their consequences to ecological functioning (Pickett et al., 2013) .
The use of indicators is considered a fundamental strategy to identify and qualify important aspects of urban inter-relations. Indicators are indexes that can determine changes and the state of a phenomenon, making it possible to monitor its evolution. According to Dos Santos (2004) , an indicator can determine the degree of changes and the conditions in the environment and, if well conducted, allows the representation of the causes that exist in a particular environment. Rodríguez et al. (2015) state that the development of indicators concerning the integration of water issues and urban planning will help to quantify their interaction, generating a significant improvement in the application of the Water Sensitive Urban Design (WSUD) concept, and might support mitigating inappropriate planning consequences. WSUD methodology proposed to the city of Melbourne by Barton and Argue (2007) aimed to avoid, or at least minimize, the environmental impact of pollution to a water body caused by building.
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The project "WATER in CORE" is a pilot-project for river basin water management in the Mediterranean, based in five river basins in Greece, Italy, Spain and Cyprus. This study aims to integrate the principles of Local Agenda 21 with water resources management, resulting in twenty-nine indicators, focused on water preservation and avoidance of water stress. Indicators describe the performance and are categorized as environmental, social and developmental (WaterInCore, 2012) . Castro (2007) gave a questionnaire to representatives of public agencies, water resources managers and researchers so that they attributed weights to the indicators that he had defined. His objective was to propose a methodology for the evaluation of urbanization's effects on water bodies, which could support the managers' decisions regarding the granting of authorizations for construction and water use. He sought to evaluate the most relevant effects of urbanization on water bodies, through the use of multi-criteria analysis methods.
The system SNIS (of the original Portuguese designation: Sistema Nacional de Informações sobre Saneamento, Sanitation National System of Information) has indicators that are used to diagnose water and wastewater public services in Brazilian municipalities and is used as the official sanitation database. These indicators aim to compare performance among municipalities and to facilitate the regulation of services and to improve their management (SNIS, 2010) .
Based on these studies, this article presents a methodology to evaluate cities' expansion based on the management of human consumption of water, structured on twenty-six indicators, designated by "Hydricity" indicators. The name Hydricity was created to identify the set of indicators developed in this research, which include water resources, cities, and sustainability concepts. Therefore, hydricity is blend of the words for hydri -referring to water, ci -referring to cities and ty -referring to sustainability (Ulian, 2015) .
Monitoring using indicators provides assessment of the current situation and allows one to project trends over time, providing permanent responses to governments and citizens. According to Rodríguez et al. (2015) indicators can be useful to predict future scenarios and guide preventive actions. Despite the apparent popularity of the use of indicators based on the concept of sustainable development, their definition is still very generic and has given rise to multiple interpretations, provoking an explosion of indicator types (Tanguay et al., 2010) .
This methodology was developed to assist in the diagnosis of cities development from a water resources point of view, with the objective of rendering operational actions for urban planning. The option for the anthropocentric variables adopted in this article resulted from the fact that the present approach is necessarily focused on the use of water as a resource, which supports the life of the inhabitants of urban areas.
It is important to recognize that the development and the selection of indicators are reflexive and subjective processes (Grunwald, 2004) , and this work falls within this concept.
This study focused on medium-sized Brazilian cities, due to their considerable number of inhabitants, the regional importance they play, and the lack of research concerning cities this size as well.
MATERIAL AND METHODS
This article is part of a broader study, which was carried out in three stages: a) "Hydricity" indicators definition, b) benchmarking definition and c) proposal of an integrated method of the first two stages. Based on Ulian (2015) and Ulian et al. (2015a) , who presented the first two stages, the main objective of this paper is the development of an assessment methodology through the integration of "Hydricity" indicators. This integration consists of transforming a dimensional value of a qualitative or quantitative indicator into a non-dimensional parameter, allowing the results to be interpreted in a qualitative way and facilitating comparisons. In addition, the integration of indicators is conducted in order to allow analysis as a group of indicators (sectorial) and also globally.
During stage a) indicators definition, care was taken to limit the number of indicators so that the list was sufficiently broad and covered the parameters and criteria previously established. The conceptual cut-off for the definition and choice of indicators was based on the criteria of urban morphology, environmental support capacity and efficiency in water systems. The selected indicators are presented in Table 1 . Note:
(1) -Network connections: Referring to the number of connections between the main water network and the plot where the building is located. A plot of a multi-family building has only one connection of water or sewage.
(2) -Economies referring to all units of land use. Example: a residence, a business, an industry, each one represents an economy.
(3) -Indicator I22 refers to sewer drainage and I23 to wastewater treatment.
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Some indicators were created to meet the established criteria. The twenty-six "Hydricity" indicators also went through the analysis of water management and urban planning experts to be validated. Seeking to facilitate the organization and to present the indicators in a sectorial way, they were divided into five groups: Group 1 -Urban Efficiency, comprises indicators related to the use and occupation of land, the shape of the city and the associated water infrastructure; Group 2 -Operational Management of the water supply system, relates to physical and financial control of the water system, from abstraction to distribution; Group 3 -Availability versus Consumption, presents aspects related to the availability of water in the territory of the municipality and its relation to demand; Group 4 -Sewage and Legal, is constituted by indicators regarding management of sanitary sewage and the qualitative indicators referring to the legal and technical regulations that the municipality should implement to regulate the urban expansion; Group 5 -Support Capacity, represents the indicators that evaluate the environmental conditions faced with city growth.
To comply with stage c), integration of the "Hydricity" indicators and to enable a diagnostic analysis, it was necessary to comply with stage b) benchmarking definition, i.e. benchmarks that make it possible to compare the results of the calculated indicators. These benchmarks, also called benchmarking literature, were defined as the best and conventional practices benchmarks (Mateus and Bragança, 2009) . Benchmarking is presented in Table 2 . (2) -Vitória Gasteiz: calculated values for the city of Vitoria Gasteiz -Spain, considered to be referential for good practices in water management;
(3) -Hyphotectical model city: for this indicator, a hypothetical city model was created in order to define best practices;
(4) -Zaragoza: calculated values for the city of Zaragoza, Spain, considered to be referential for good practices in water management;
(5) -Brazilian legislation mean: several municipal planning legislation was studied and an average value was adopted as referential;
(6) -Assigned value: value attributed by the authors based on their work experience.
Best practice is understood as the referential model, which can be taken as a goal to be achieved. For the best practice referential definition, indicators of cities with recognized performance in sustainable urban management and focus on the preservation of water resources were selected. Some indicators best practices were also selected from the SNIS database (SNIS, 2010). When it was not possible to obtain these references in medium-sized cities, data from cities in other countries were used.
The conventional practice was considered as the minimum value that an indicator should achieve. If the value achieved is below the conventional practice threshold, the city is considered as not concerned with sustainability, especially considering the given indicator. This standard should correspond to the minimum values that regulations, norms and laws should contain.
Once the referential values were established, the following stage was calculated for the city under evaluation. After calculating these indicators, a methodology was necessary to evaluate the values achieved and to integrate the "Hydricity" indicators.
The indicators of Group 1 (Urban Efficiency) are analyzed irrespective of the other groups, using an abacus. This differentiation was made to allow the analysis of the municipality urban efficiency independently of the other indicators. Three abacuses with four axes are drawn, being each half axis representative of an indicator. For benchmarking, an abacus should be designed for best practice values, another with the values of conventional practice and a third abacus with the values of the indicators calculated for the city under evaluation. All abacuses should be drawn using the same scale. The resulting shapes should be compared to evaluate to which shape the cities performance is most similar with, best or conventional practices. Other forms of interpretation could be used, such as overlapping the shapes of the three abacuses. The other indicators, related to Groups 2, 3, 4 and 5, are grouped through normalization of the values and application of a weighting system in two moments. In the first moment, the aggregation of the indicators at a sectorial level is achieved in this way obtaining results for each group. The second weighting is carried out to enable the aggregation of the four groups in a single score. The aggregation process is based on the SBTool PT methodology (Mateus and Bragança, 2009) . The performance evaluation at the level of each indicator corresponds to the quantification of the parameters and the normalization, as described: a) Quantification of Parameters: the method used to quantify each indicator, i.e. application of the calculation process and definition of best and conventional practice referential. The equations for the quantification of each indicator were presented in Ulian (2015); b) Normalization: it aims to establish a dimensionless value that expresses the performance of each indicator concerning the referential presented. The weighting systems assigned to normalization were presented in Ulian (2015) , see Table 5 . From the normalization, it is possible to have an isolated evaluation for each indicator. The Diaz-Balteiro Equation 1 was used in the normalization process (Mateus and Bragança, 2009) .
( 1) where:
P ̅ i is normalization result of parameter i, Pi is the quantification value, and Pi* and P*i are the benchmarks of the parameter i, representing the levels of best and conventional practices, respectively.
The use of Equation 1 allows converting parameters' values on a dimensionless scale, where the value 0 (zero) corresponds to the conventional practice and the value 1 to the best practice level. If the indicator value is greater than the best practice, or smaller than that of conventional practice, the parameter's normalized value assumes a value greater than 1 and smaller than 0, respectively. In any case, to avoid distortions in the aggregation of the indicators/groups, the normalized values to be considered cannot be smaller than -0.2 and greater than 1.2, as recommended by Mateus and Bragança (2009) . Table 3 presents the equivalence used in the conversion of the normalized value. For the performance quantification at the groups' level and quantification of the "Hydricity" Global Level (HGL), it is necessary to aggregate indicators, based on weighting systems. Aggregation is achieved on two levels: -Group level: indicators are combined to summarize their performance at the level of each of the four thematic groups (G2, G3, G4, G5); -"Hydricity" Global Level (HGL): after evaluating the city performance at groups level and analyzing the abacus with the indicators of G1, the last aggregation consists of synthesizing a single value (HGL), which represents the overall performance of the city. In the aggregation process of G2, G3, G4 and G5 equation (2) is used.
where:
Ij corresponds to the macro indicator value resulting from weighting of each indicator, category, or dimension (Ii) with the respective weight factor (wi) in the sustainability assessment. The sum of the weights used to obtain each of the three levels of macro indicators Rev. Ambient. Água vol. 12 n. 1 Taubaté -Jan. / Feb. 2017 shall be equal to 1.
The weighting factors to aggregate the indicators into groups (G2, G3, G4 and G5), and these should be pre-established into the "Hydricity" Global Level. According to Mateus and Bragança (2009) . It is widely known that several decision makers prefer to communicate sustainability through a graduated scale. This represents not only the city's performance but also its performance against best and conventional practices (benchmarks). The normalized values are converted to a qualitative scale between E (lower "Hydricity") and A* (higher "Hydricity"), using equivalences shown in Figure 3 . In this qualitative scale, level D represents the conventional practice and level A corresponds to best practice. 
RESULT AND DISCUSSION
An urban design that is more sensitive to water needs is of concern to managers. The dispersed city model may threaten the availability of water supply, which is especially detected when the river basin is adopted as the basic planning unit.
Other approaches that integrate issues concerned with water and urban sprawl began with a pioneering WSUD (2008) concept in Australia. This indicates that urban planning can be a valuable resource for improving habitability and support water-related ecosystems. However, much more comprehensively than the method proposed here, WSUD integrates all elements of the water cycle, and their interconnections are concomitantly considered to achieve a result that allows a healthy natural environment and that meets the needs of humans, including water for human consumption, wastewater and pollution, precipitation and runoff, watercourses and water resources, and floods. From this, it is concluded that more indicators should be added to the model proposed here, in order to fully diagnose the city's water.
According to the study, "Protecting Water Resources with Higher-Density Development" (US-EPA, 2006), higher-density development could better protect regional water quality, because it consumes less land to accommodate the same number of dwellings and requires best practices in run-off management, according to their context and densities. This approach ratifies the importance given to the indicators that associate the variables density and urban shape in the present study.
These approaches demonstrate that the proposed model is adjustable and can be improved with the addition of other indicators, especially those related to rainwater, which has no direct indicator. These comparisons point out possible improvements for the "Hydricity" assessment method; however, it is important to bear in mind that these studies were not developed for the Brazilian reality and are at a different stage of development.
In what concerns the integration method, it is important to interpret the results obtained from the indicators, making it possible to compare cities in sectorial and global ways, especially if there are regional planning initiatives or at the river basin level.
However, the HGL must not be analyzed separately, since a critical analysis of the results is necessary, always one has to analyze the specific aspects of each indicator and the sectorial aspects of the groups. HGL is a relevant global result that can be used to foster the action of public agents and still serve for monitoring. The integration method can be used even if it is necessary to increase or reduce the number of indicators, which allows its adaptation to different cities, according to their peculiarities, just by adjusting the weighting system.
Another important aspect to be considered is that Group 1 indicators could also be standardized and integrated into the HGL calculation, facilitating the interpretation of the final result. However, it is important to have an independent format to evaluate the city's urban efficiency, where aspects of the city's shape and structural issues are confronted. If indicators are added to this group, and the abacus analysis system is maintained, it is important that it occurs in pairs so that a new axis is added to the abacus. It is understood that the abacus analysis can go beyond the simple comparison of the resulting shapes to perform a thorough analysis.
To exemplify the application of the method, Tables 4 and 5 present a case study in the city of Caxias do Sul which is a municipality in the state of Rio Grande do Sul (Brazil) with 435,482 inhabitants, with only 3.7% people living in rural areas (IBGE, 2010) . With a total territorial area of 1,644 km², it has only 744 km² (45%) classified as rural areas. During its history, it has faced many problems due to lack of water, since it does not have rivers with high flow rates in its territory and it captures water in reservoirs originated by dams built in small river streams.
As can be observed, Caxias do Sul obtained a B, in the "Hydricity" Global Level. At the group's level, a B was obtained by two groups and an A* by another group. The lowest result occurred for Group 5, with a C rating. Caxias do Sul is far from the best practice in Group 1 (Figure 1 ), illustrating that it can improve significantly in Urban Efficiency, especially in the indicators related to the density and urban shape. The analysis of the abacus together with the aggregation process of the group-level indicators should make it possible to validate the "Hydricity" Global Level. Caixas do Sul achieved a HGL score of B, through the aggregation of the performances of groups 2 to 5. Thus, the following question should be asked: by the analysis of the abacus of Caxias do Sul for the indicators of Group 1, is it possible that "Hydricity" Global Level could be improved to an A? The answer is no, since Caxias do Sul's abacus shape is far from the best practices abacus. On another hand, the results for Group 1 would lower the HGL rating to C.
Based on this application, it is concluded that the method is good, with possible adjustments to be made and also broadening the indicators, especially those related to Group 5 -Support Capacity. These latter indicators are the most difficult to measure because they depend on geo-referenced data and accurate information. Certainly with more indicators of Support Capacity, the HGL of Caxias do Sul would be smaller. Another group that deserves revision is Group 3, since it considered the availability of water throughout the territory of the municipality, without analyzing the costs to collect water in very distant places. Due to the knowledge of the Caxias do Sul reality, it is believed that the HGL should not be higher than C and not smaller than D, if the process is reviewed as a whole.
CONCLUSION
The main objective of the present study was to present indicators and means for their aggregation, i.e. to propose an assessment methodology that would allow a comparative analysis and the monitoring of cities. It was concluded that the proposed method can be a good strategy to perform diagnoses, although requiring adaptations to local specificities.
Despite the attempt to elaborate a practical and direct methodology to be used in urban management, it was concluded that municipalities require a minimum team of professionals. They should focus on the definition of diagnostic procedures, on the organization of the database, on-site supervision of monitoring stations, on decision-making, and on public Rev. Ambient. Água vol. 12 n. 1 Taubaté -Jan. / Feb. 2017 policy-making, even at regional scale, allowing the diagnostic of conflicts between municipalities. Furthermore, it could be possible to monitor the effects of decision making. It was verified that the maximum simplification and practicality implemented respected the depth limits that the variables required. All these analyses were considered pertinent and relevant because they can be used for decision making in city management, enabling the improvement of their conditions. UNITED NATIONS -UN. 
